An attempt was made to analyse spawning stock abundance and population fecundity of Greenland halibut (Reinhardtius hippoglossoides) against the background of fluctuations in year-class strength. Population fecundity varied from 8 × 10 11 to 24 × 10 11 eggs in 1969-88. Survival indices of year-classes 1969-88 were calculated during early life history and a five-fold difference between maximum and minimum survival rates was revealed. An inverse correlation was found between survival rate and water temperature at 50-200 m depth on the hydrographic section across the Hamilton Bank. This was used for survival index projections.
Introduction
G r e e n l a n d h a l i b u t ( R e i n h a r d t i u s h i p p oglossoides) are distributed above the continental shelves and slopes off Canada from 42°N to 78°N in the Baffin Sea (Andriyashev, 1954; Boyar, 1964; Hubbs and Willimovsky, 1964; Leim and Scott, 1966; Smidt, 1969; Templeman, 1973) . This fish is an important commercial species off eastern Newfoundland, along the Baffin Island slope, off Labrador and in the West Greenland fjords (Bowering, MS 1977 , MS 1978 , MS 1979 , 1980 Chumakov and Savvatimsky, MS 1983 , MS 1984 Brodie, MS 1981, MS 1986) . A single populat i o n i s r e c o g n i z e d t o i n h a b i t t h e s e a r e a s (Templeman, 1973; Chumakov, 1975; Bowering MS 1977 , MS 1982 Chumakov and Serebryakov, MS 1982; .
The Greenland halibut spawns in areas of the southern part of Davis Strait at depths of 1 000-1 500 m and temperatures of 3.2° to 3.4°C during January-April. Egg development takes place mainly in deep water layers of the continental slope (Jensen, 1935; Smidt, 1969; Templeman, 1970) and the larvae ascend to the upper surface layers in June-July where they are dispersed with the currents to the west to Baffin Island and Labrador shelves and to the north along the West Greenland coast.
The maximal number of larvae are observed in the upper 50 m layer (Smidt, 1969) . The young halibut, at ages of 3-4 years, are distributed mainly at depths of 200-350 m over the continental shelves practically everywhere along West Greenland, Baffin Island, Labrador and on the Grand Bank of Newfoundland (Bowering and Chumakov, MS 1987; Chumakov et al., MS 1988) .
The fishery for Greenland halibut was initiated by Canada in the inshore areas of eastern Newfoundland in the 1950s and extended later to the high seas. The trawl fishery for Greenland halibut was not actually developed until 1968. The species was incidentally taken as by-catch by USSR and European countries in the cod and redfish fishery. The total catches in 1965-67 were less than 29 000 tons (Fig. 1) .
The fishery was not regulated until 1977 and the catches until that time varied from 29 000 to 53 600 tons. The annual catch was influenced mainly by the fishing effort applied. The introduction of 200-mile coastal fishing zones in 1977, and the subsequent termination of fishery for Greenland halibut by USSR, Poland and ex-German Democratic Republic in Subarea 1 as well as a reduction in fishing effort by the same countries in the Canadian 200-mile fishing zone in Subareas 0, 2 and 3, resulted in a downward trend in the catches. At the same time, the Canadian and Greenland catches in inshore areas showed an increase which resulted in the total catch of 38 000 tons in Subareas 0, 2 and 3 in 1987 (Fig. 1) .
Spawning stock biomass estimates are usually used as a starting point in regulating a fishery by establishing a Total Allowable Catch to prevent recruitment overfishing and to protect the reproductive capacity of the population. Population fecundity is a more sensitive indicator of the reproductive capacity than spawning stock biomass and it has been used by Beverton (1962) , Beverton and Holt (1957) , Oosthuizen and Daan (1974) and Schaaf (1978) .
The present study attempts to estimate Greenland halibut reproductive capacity in terms of population fecundity, year-class strength and survival during 1969-88.
Materials and Method
Biostatistical data from the period 1969-88 were used in this analysis, and a total of 13 898 fish were aged. A constant natural mortality coefficient of 0.1 was used for spawning stock biomass estimation of ages 5 to 17 in virtual population analyses (Ernst and Borrmann, MS 1987) .
Individual absolute fecundity was determined in 245 females caught in the Davis Strait off Baffin Island, western Greenland, and northern and central Labrador in 1975-80 and 1987-88 . The material for fecundity estimation was collected during October through December.
The ovaries of the stages of maturity III and IV of freshly-caught fish were weighed, labelled and preserved in 5% formaldehyde, and later dried in the laboratory and weighed. Subsamples (3 g each) were taken from different parts of the ovaries. Eggs were separated from the ovarian tissue, weighed to the nearest 0.0001 g and the number of eggs in each subsample counted. Individual fecundity was estimated by expanding the number of eggs per g to the total ovary weight.
The following regression equations were derived to describe individual fecundity (F ind (r = 0.978) ... (3) The individual fecundity of the Greenland halibut caught in the Davis Strait off northern and central Labrador was found to be similar to that of individuals of the same age and size from the southern Labrador area, as reported by Lear (1970) and Bowering (1980) . Population fecundity (Ep) was defined as the total sum of the contribution of all age groups:
where i = 5 is age at recruitment to the spawning population, n oldest age group in the data set CE is the contribution to population fecundity by each age group.
Then: C E = E N m R ... (5) where E is the mean individual absolute fecundity of the given age group, N is the virtual population analysis derived abundance of a given age group, m is the mature fish proportion of females in a given age group, and R is the sex ratio (i.e. proportion of females).
Year-class survival rate was estimated as the percentage of 5-year olds which have survived from the total number of eggs laid:
... (6) where S j is the survival of a given generation j up to the age of 5 years, N j is the number of 5-year olds in a given generation j, and E pj is population fecundity in a given year j.
Water temperature was taken along the standard hydrographic Section 8A across the southern Labrador shelf and slope (Fig. 2) . The hydrographic observations were taken by the Polar Fishery Research Institute (PINRO) regularly in November only. The temperature observations were compared with the strength of the year-classes and the survival rates.
Simple and multiple regression analyses were made to examine relationships between spawning stock biomass, population fecundity, strength of the year-classes, survival rate and water temperature.
Results and Discussion
Males in the study areas first became mature at ages of 5-7 years (Table 1 ) and lengths of 46-47 cm, whereas the respective figures for females were 6-8 years and 52-53 cm. Age at 100% maturity can vary in males depending on the area of observations. In Subareas 0 and 1, 100% maturity was recorded at the ages of 12-13 years and 70-73 cm and 16-17 years and 92-95 cm in males and females, respectively. In Div. 2J and 3K immature females were only occasionally found. Mature individuals were not abundant along the continental shelf and slope of southern Labrador. Scarcity of mature fish along the continental shelf and slope off Baffin Island and western Greenland was probably the result of the northward migration (Chumakov, 1975; Chumakov and Serebryakov, MS 1982) .
Noticeable variations were found in the total spawning stock biomass, fecundity and abundance of 5-year olds in the Greenland-Canadian population throughout the entire period of observation ( Table 2 ). The highest and lowest abundance of spawning stock was recorded during 1974-79 and 1969-70, respectively . The population fecundity varied from 844.2 × 10 9 eggs in 1969 to 2 446.6 × 10 9 in 1977.
Year-class survival rate can be regarded as an index of ambient conditions during early life. Of course population fecundity is not the exact number of total abundance of eggs spawned because not all ripe oocytes are spawned. Therefore the estimated survival rate should be regarded as a relative index. The survival rate of poor year-classes in 1969 and 1970 was found to be higher than that in the strong year-class of 1976. Survival rate coefficients as estimated for the 1969-83 year-classes showed higher variability than the population fecundity. There was a 5-fold difference between the maximum (1982) and minimum (1977) survival rates (Fig. 3) .
There was an inverse correlation between the population fecundity and the strength of the yearclass (r = -0.425, N = 15, P = 0.05). Mechanisms of density dependent survival are not yet understood for this species. The role of ambient environmental conditions could be examined by correlating between the survival index and an indicator of environmental conditions. The water temperature of various horizons is often used as an abiotic environmental indicator. The comparison of the survival coefficient to the water temperature at three different horizons of Section 8A across the Hamilton Bank (Fig. 2) revealed inverse correlations (Table 3) .
Regression analysis indicated a significant (r = 0.754; N = 15; P ≤0.05) relationship between survival rate and water temperature at 50-200 m of Part C of Section 8A in November. A simple model to forecast the survival index (S) based on population fecundity (E p ) and temperature is: S = (-0.02107 E p -12.98633 T ... (7) + 115.48901) 10 -4 and the recruitment (R) is given by: ... (8) This regression equation could be used to predict recruitment 5 years in advance. Thus the 1984 year-class can be estimated as strong and the 1985-88 year-classes as medium strength (Fig. 3 and 4) .
The lowest population fecundity which still allows the appearance of a strong year-class under favourable environmental conditions during early life but fails to ensure average recruitment under average environmental conditions is the "critical population fecundity". This critical population fecundity (E cri ) can be calculated as:
where N ab is strong year-class abundance at age 5, and S max is the maximal survival rate.
A lower than critical population fecundity would deprive the population of the opportunity to produce a strong year-class even under the best survival conditions. Population fecundity of the critical level was observed in 1969 and 1970, when poor year-classes emerged with moderate survival indices. In all the other cases the Greenland halibut population fecundity was either close to or well above the critical level. and predicted by using equations 8 and 9 in the text (broken line). Fig. 3 . Greenland halibut population fecundity (EP) , year-class strength at age 5 (R), survival index observed (S) and survival index predicted (Sp.). P -provisional year-class strength.
